In order to clarify the biological effects of rifampicin and its derivatives on liver cells, the actions of these antibiotics on the energy transfer reactions were observed in rat liver mitochondria.
BUNJI INOUYE, YOSHIHITO UCHINOMI and TSUTOMU WACHI National Kinki Central Hospital for Chest Disease 1180 Nagasone-cho, Sakai-shi, Osaka 591, Japan (Received for publication July 26, 1973) In order to clarify the biological effects of rifampicin and its derivatives on liver cells, the actions of these antibiotics on the energy transfer reactions were observed in rat liver mitochondria.
Rifampicin, 25-desacetyl rifampicin and rifampicin quinone at concentrations of 2.8x10-5-2.7x10-4M had little effect on the respiration and several energy transfer reactions in rat liver mitochondria, while similar concentrations of 3-formyl rifamycin SV caused a marked decrease in respiratory control and ADP : O ratio with enhancing state 4 respiration, activated Mg++ -dependent ATPasc and also inhibited ATP-32Pi exchange reaction.
These results suggest that 3-formyl rifam ycin SV, though not rifampicin itself, acts as a true uncoupler in vitro on rat liver mitochondria and its uncoupling action is fairly powerful. Table 1 . Effect of rifampicin and its derivatives on the respiration and oxidative phosphorylation in mitochondria isolated from livers of normal rats Mitochondria (4.1 mg protein) were added to a reaction mixture consisting of 10 mm KH2PO4, 80 mm KCI, 5 mm MgCI2 and 20 mm Tris-HCI (pH 7.2) in a final volume of 2.5 ml. Rifampicin or its derivative was added, respectively, after the addition of 10 Pmoles sodium succinate as a respiratory substrate.
Then 500 nmoles sodium ADP was added, changes in the rate of oxygen uptake were traced by an autorecorder.
Experiments were carried out at 25°C. Each value represents the mean from three trials. Oxygen uptake shows the substrate-level respiration.
The abbreviations used are: RFP, rifampicin; DA-RFP, 25-desacetyl rifampicin; RFP-Q, rifampicin quinone; 3F-RFM SV, 3-formyl rifamycin SV.
2.8 x 10-5 2.8 x 10-5 2.8 x 10-5 7 x 10-6 1.4 x 10-5 2 -8 x 10-5 These effects of 3F-RFM SV resemble those observed with 2,4-dinitrophenol (DNP) which is a well known uncoupler.37'38) So it seemed important to study whether these effects were dose-dependent. As shown in Fig. 2 , the enhancement of state 4 respiration is proportional to the concentration of the antibiotic in the ranges of 7 x 10-6-7 x 10-5 M. It may be also noted that 7 x 10-5 M 3F-RFM S V causes a gradual suppression in oxygen consumption after the rapid respiratory release. These effects are clearly enhanced by increasing 3F-RFM SV concentration and the suppressed state 4 respiration cannot be released by DNP. Furthermore, as shown in Fig. 3 , 3F-RFM SV caused a clear respiratory release of all the states of respiration.
Effect on Latent ATPase Activity
The enhanced respiration by 3F-RFM SV was completely stopped by an addition of 10-4 M KCN. This, together with the decreases in ADP : 0 ratio and respirtory control, suggests that 3F-RFM SV may uncouple oxidative phsphorylation in mitochondria. These data also suggest that 3F-RFM S V may cause other effects similar to those induced by DNP. Thus the effect of rifampicin and its derivatives on ATPase activities was investigated (Table 3) . Rifampicin, DA-RFP and RFP-Q at the concentration of 3.4x 10-5 M or 2.7 x 10-4 M had little effect on ATPase activities both in the absence and in the presence of DNP, whereas 3F-RFM SV 3.4 x 10-5 M gave a 140 % stimulation of the ATPase activity of mitochondria in the absence of DNP. More remarkable stimulation of ATP hydrolysis was observed with a higher concentration of 3F-RFM SV (Fig. 4) . But it did not cause any effects on the DNP-depenent latent ATPase activity. As shown in Table 4 Table 3 . Effect of rifampicin and its derivatives on ATPasc activity Rifampicin or its derivative (68 nmoles and 540 nmoles, respectively), 6 ,moles sodium ATP and mitochondria (3.4 mg protein) were added to 1.5 ml of a medium consisting of 0.05 M sucrose, 0.02 M KCl, 5 mM Tris-HC1 (pH 7.4), 3 mM MgCl2 and 0.1 mm EDTA to give the total volume 2.0 ml. After incubation for 15 min. at 25°C, 1 ml of ice-cold PCA (24 %) was added, well mixed, left standing for 10 min. and then the supernatant was separated by a centrifugation.
One ml of the supernatant was removed to a test tube with a stopper containing 1 ml of 1.5 N H2SO4, 1 ml of 2% ammonium molybdate and 4 ml of isobutanol, shaken vigorously for 10 seconds and left standing.
Two ml of the upper isobutanol phase was removed into another test tube, 2 ml of 0.5% ascorbic acid (prepared with 0.05% sodium bicarbonate solution when used) and I ml of ethanol were added, well mixed and incubated for 45 min. at 37-C. After cooled in running water, inorganic phosphate liberated was measured spectrophotometrically at the wave length 700 nm.28) Conditions were as in Tables  3 and  4 Rifampicin or its derivative (68 nmoles), 6umoles sodium ATP, 6 r.moles phosphate buffer (pH 7.4) containing 11Ci of 32Pi, 100 nmoles azide and mitochondria (4.6 mg protein) were added to 1.3 ml of the medium described in Table 3 to give the total volume 2.0 ml. After incubation for 10 min. at 25°C, treatment with PCA was done and aqueous phase containing organic phosphorus compounds was separated as described before. After washed three times with an equal volume of isobutanol, 1 ml of the aqueous solution was dried on a sample plate and radioactivity was assayed by a gas flow counter (Aloka FC-1E; Japan Radiation and Medical Electronics, Inc.). 
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